Background/purpose: The prevalence of musculoskeletal disorders (MSDs) was investigated among dentists in Taiwan, and risk factors for MSDs were evaluated for symptoms in different parts of the body. Materials and methods: The Nordic musculoskeletal questionnaire modified by the Taiwan Institute of Occupational Safety and Health was completed by 197 dentists (146 males and 51 females) from the members of three groups: the Association of Oral and Maxillofacial Surgeons (n Z 33), the Association of Family Dentistry (n Z 55), and the Taichung County Dental Association (n Z 109). Reported symptoms were compared by means of a Chi-square test according to various risk factors. Results: More than half of the respondents had experienced symptoms in the shoulders (75%), neck (72%), and lower back (66%) in the year before the survey. The three parts of the body with lower prevalence (13e15%) of trouble were hips/thighs/buttocks, knees, and ankles/ feet. Seven percent of respondents indicated no trouble in any part of their bodies. The prevalence of trouble in the neck increased when the number of days worked per week increased. Risk factors (p < 0.05) included working in a medical center for the shoulders; working with no more than one dental assistant, having a body height of >178 cm, and having a mean working time of >10 min/patient for the elbows; being <36 years old, having <11 years of experience, and having a mean time for forward bending or using a handpiece/scaler per patient for the wrists/hands; working 7 d/wk for the lower back and knees; having a patient load of >20 patients/d and being >35 years old for the hips/thighs/buttocks; and a having mean working time of >48 h/wk for the lower back.
Introduction
The issue of musculoskeletal disorders (MSDs) is an important occupational health problem in all sectors, including healthcare industries and modern dentistry. 1 MSDs can affect the body's muscles, joints, tendons, ligaments, and nerves from the neck to the feet. Health problems range from discomfort, minor aches, and pains, to more serious medical conditions resulting in significant social and economic consequences, such as reduced quality of dental treatment, absence from work, and even leaving the profession. 2, 3 Several reports reviewed the prevalence of MSDs among dentists and dental hygienists. 1e3 Prevalence of MSDs among dental-care teams ranges from 46% to 93% around the world. 2 The part of the body of dental professionals affected most often might be the shoulder (21e81%), and the prevalence of neck pain was in the range of 19.8e68%. The lowest value (19.8%) had been reported among Saudi Arabian dentists in a 2003 report, 4 but that increased to 67.9% in a 2008 report. 5 However, there is still no clear information about the prevalence of MSDs among Taiwanese dentists.
In addition to studies concerned with MSDs among dental professionals, some surveys focused on problems among dental and dental-hygiene students. 6, 7 Compared to professionals, students had a lower prevalence of MSDs, indicating that the prevalence of MSDs would increase when students graduated and began to develop their professional dental careers.
As dentists continue to suffer a high prevalence of MSDs and related studies are still quite limited, we need to understand fully the nature of MSDs among Taiwanese dentists, and identify the causative factors and correlations with MSDs. 1, 2 In this study, the prevalence of MSDs was investigated among dentists in Taiwan, and risk factors for MSDs were evaluated for symptoms in different parts of the body.
Materials and methods
The standardized Nordic musculoskeletal questionnaire (NMQ) 8, 9 was administered to dentists. The NMQ was translated into Chinese, 10 and its reliability was found to be acceptable. 11, 12 An anatomical diagram with nine specifically shaded areas was included in the NMQ, including the neck, shoulders, upper back, lower back, elbows, wrists/ hands, hips/thighs/buttocks, knees, and ankles/feet. A 1year recall of MSDs was used in this study, as this was shown to be an appropriate time scale in Taiwan, 10 Japan, 13 Korea, 14 Saudi Arabia, 5 Australia, 15 and Denmark. 16 In addition, the questionnaire contained general items such as gender, age, seniority, and working conditions, including the work place, frequencies and duration of work tasks, number of dental assistants, and durations of being in a bent position and using handpieces.
The NMQ was distributed to the members of three dental professional groups, including the Association of Oral and Maxillofacial Surgeons (AOMS), the Association of Family Dentistry (AFD), and the Taichung County Dental Association (TCDA), when they attended the annual conference of the respective associations in 2009.
Data analysis
A database was designed using Microsoft Excel (Redmond, WA, USA), and data were analyzed using SPSS version 13.0 software (SPSS Inc., Chicago, IL, USA). Descriptive data were reported as frequencies and percentages. Reported symptoms were compared by means of a Chi-square test according to the various risk factors. 5 The 95% confidence interval (CI) of the prevalence rate of musculoskeletal complaints was calculated by the following equation:
where p is the prevalence rate, q is 1 À p; n is the sample size, i.e., 197; and 1.96 is the z value for a CI of 95%.
Results

Clinical practice characteristics
During the conferences, effective responses from 197 dentists were received. Tables 1e4 summarize dentists' background information and professional characteristics. Among the respondents, 146 (74.1%) were male and 51 (25.9%) were female (Table 1 ). Nearly half of the dentists (45.2%) were 161e170 cm tall and more than one-third (35.5%) were 171e180 cm tall. Four dentists were taller than 180 cm. Values of the body mass index (BMI) of over half (52.3%) of the dentists were in the normal range (18.5e24.0), and 11.6% were obese. Over one-third (34.5%) were 31e40 years old, and had graduated between 2001 and 2008 (34.5%) and between 1991 and 2000 (34.0%) ( Table 2 ). More than 50% had worked for less than 10 years, 30.5% had worked for 10e20 years, and 19.3% had worked for more than 20 years. Nearly onefifth (17.2%) of participants had a master's or PhD degree.
Among the 197 dentists, 59 (29.9%) said that they worked in a specialty, almost all of whom were in oral surgery ( Table 3 ). About one-half (46.2%) worked with one dental assistant, and also nearly another one-half (43.7%) had two dental assistants. Nearly two-thirds (63.0%) worked 6 d/wk, i.e., only being off on Sundays. Four dentists (2%) worked every day. Over one-third (33.5%) worked 41e50 h/ wk, 29.9% worked 31w40 h/wk, and 19.3% over 50 h/wk. The other three shorter working-hour groups, including 10, 11e20, and 21e30 h/wk, together comprised 11.7%. Nearly half (48.2%) of the dentists treated 11e20 patients/d, and another 30.5% treated no more than 10 patients/d (Table 4 ). Over 40% (41.4%) of dentists treated each patient in 20e30 minutes, and about one-quarter (24.9%) used 11e20 minutes per patient. During treatment, more than 40% (41.1%) of dentists bent their body forward for an average time of 11e20 min/patient. About 30% (29.9%) of dentists bent forward for <10 minutes. About one-third (33.0%) of dentists used handpieces for 11e20 min/patient. About a half (25.4%) used handpieces for <10 min/patient.
Prevalence of MSDs among Taiwanese dentists
Self-reported prevalence rates (%) of musculoskeletal complaints for nine parts of body in the past year among Taiwanese dentists are shown in Table 5 . More than onehalf of respondents had experienced symptoms in the shoulders (75.1%), neck (71.6%), and lower back (66.5%) in the past year. The three parts of body with lower prevalence (13e15%) of trouble were hips/thighs/buttocks, knees, and ankles/feet. The 95% CIs were in the range from 3.7% to 6.9%. The distribution of the number (0e9) of body regions with musculoskeletal complaints among dentists (n Z 197) is shown in Fig. 1 . Fewer than 10% (7.6%) of respondents indicated that they had had no trouble in any part of their body during the past year. Around 3.6% indicated musculoskeletal trouble in all nine parts of their body. Most participants reported musculoskeletal troubles at three (19.8%) or four (22.3%) parts of their bodies.
Risk factors for MSDs among Taiwanese dentists
Risk factors (p < 0.05) included being female for disorders of the shoulders and ankles/feet; having a body height of >178 cm, working with no more than one dental assistant, and having a mean working time >10 min/patient for the elbows; having <11 years of clinical experience and being aged <36 years for the wrists/hands; having a patient load Figure 1 Distribution of number (0e9) of body regions with musculoskeletal complaints for each dentist (n Z 197). "0" indicates without any musculoskeletal trouble and "9" indicates with musculoskeletal trouble at all the nine parts of body.
of >20 patients/d and being aged >35 years for the hips/ thighs/buttocks; working in a medical center for the shoulders; having AOMS membership for the upper back, elbows, and knees; working 7 d/wk for the upper back and knees; having a mean working time of >48 h/wk for the lower back and knees; bending forward for >10 min/ patient for the wrists/hands, knees, and ankles/feet; and having a mean time of using a handpiece/scaler of >10 min/patient for the wrist/hand. Fig. 2 shows the nine parts of the body with various symbols to indicate different ranges of prevalence of musculoskeletal complaints. Risk factors for each part are also indicated in the figure. There were no statistically significant differences for areas of practice (city/country), marital status, or educational level.
The prevalence for troubles in the neck increased when the number of days per week worked increased from 4 to 7 days (p Z 0.040, Fig. 3 ). The parameter, days per week worked, might be a risk factor for trouble in the neck.
Discussion
Prevalence of MSDs among Taiwanese dentists
The Nordic standardized questionnaire has been used for analyzing musculoskeletal symptoms since 1987 8 and is an internationally respected instrument for evaluating musculoskeletal complaints. 11 It is a self-reported survey method, and disorders include aches, pains, and discomfort in the musculoskeletal system, 16 which might not be diagnosed as a disease by physicians.
In this study, members of the AOMS were chosen to be the group of specialty dentists, the AFD was regarded as one of the largest specialty associations, and the TCDA was considered a local association. The questionnaire survey was conducted during their respective annual meetings, and dentists who joined the meetings were considered to be active and representative members of their associations.
Figure 2
Prevalence and risk factors at nine parts of the body among Taiwanese dentists. The number shown after the risk factor is the p value.
Ratios of gender and specialty in our study were similar to those of a recent survey conducted in Taiwan (p Z 1.000 and 0.202, respectively). 17 Ratio of female participants in this study (25.9%) might also be similar to the characteristics of the population of dentists in Taiwan. According to equation (1), the 95% CI of the prevalence depends on the sample size and not on the total number of the target population. CIs shown in Table 5 ranged from 3.7% to 6.9%. If we had doubled the sample size to 400, the range of CIs would have been 2.6e4.9%. There were 7.6% of respondents who reported no trouble in any part of their bodies during the past year. This means that at least one body part of 92.4% of dentists experienced pain. There were 92.3%, 83%, 78%, 78%, and 64% of dentists who reported similar complaints in studies from Iraq, 18 Saudi Arabia, 5 Sweden, 2 Thailand, 19 and Australia, respectively. 19 The prevalence among Taiwanese dentists seemed to be higher than the figures obtained from those studies. In one study that conducted an MSD survey among US dental hygienists, 2 the total prevalence was 93%, which was almost the same as that found in our study. Since there are still no dental hygienists in Taiwan, all the tasks of dental hygienists, such as scaling and [wrong word?]vanishing, are performed by the dentists there. Consequently, prevalence rates of MSDs were similar between Taiwanese dentists and US dental hygienists.
The participating Taiwanese dentists seemed to suffer a high prevalence of MSDs (in the range of 66e75%), especially of the neck, shoulders, and lower back. These three body parts being susceptible to MSDs were indicated in several review articles. 1e3 Our results were slightly higher than the outcomes obtained from a questionnaire survey of Danish dentists, which reported 65% and 59% of 1-year prevalence rates of neck/shoulder and low-back pain, respectively. 16 In our research, the parts of the body with the highest prevalence (75.1%) were the shoulders. Among shoulderrelated surveys, prevalence rates of disorder were 53%, 52%, 46%, and 21% among the dentists in Australia, the Netherlands, Saudi Arabia, 5 and the USA, respectively, and 81% and 60% among the dental hygienists in Sweden and the USA, respectively. 2 Based on those reports, our survey might have the highest prevalence of neck trouble among dental personnel around the world, and it was only slightly lower than that among Swedish dental hygienists.
The part of the body with the second highest prevalence was the neck (71.6%), in our research. According to neckrelated surveys, prevalence rates of disorders were 68%, 57%, 56%, 51%, and 28% among the dentists in Saudi Arabia, 5 Australia, Poland, the Netherlands, and the USA, respectively. 2 When dental hygienists were the subjects of the survey, the prevalence rates were 68%, 62%, and 28% for the USA, Sweden, and Saudi Arabia, respectively. 2, 4 Taiwanese dentists seemed to have the highest prevalence of neck troubles.
In our research, the part of the body with the third highest prevalence was the lower back (66.5%). According to backrelated surveys, prevalence rates of disorders were 60%, 60%, 54%, 52%, and 45% among the dentists in Denmark, Poland, Australia, Saudi Arabia, 5 and the Netherlands, respectively. 2 The prevalence rates among the dental hygienists from the USA, Sweden, and Saudi Arabia were 57%, 39%, and 21%, respectively. 2 Under similar conditions, Taiwanese dentists also seemed to report the highest prevalence of lower-back pain. The prevalence was also higher than that among Taiwanese urban taxi drivers (51%). 10 The prevalence of wrist/hand pain was 41.1% in our survey, which was in the range of rates reported from Sweden (54%), Poland (44%), Australia (34%), and Saudi Arabia (19%). 2, 5 Prevalence rates among dental hygienists were reported to be 69% and 64% in the USA and Sweden, respectively. 2 In general, the prevalence of wrist/hand pain among dental hygienists is higher than that among dentists. Tasks of these two dental professions differ. Scaling is the major task of dental hygienists, and it usually requires more than 30 minutes to perform scaling on each patient. The task might cause pain in the wrist/hand region, especially when working without a break. However, Taiwanese dentists usually finish scaling and other treatments within 30 minutes (Table 4) , and might not have such a high prevalence of wrist/ hand problems as do the dental hygienists in other countries.
Risk factors for MSDs among Taiwanese dentists
There were various causative factors and correlations with MSDs for each part of the body. In general, the most important agents are likely poor posture and work habits. 1 For example, bending forward for more than 10 minutes while treating one patient was found to be a risk factor for MSD complaints in the wrists/hands among Taiwanese dentists (Fig. 2 ). Maintaining this kind of poor posture for an extended period of time might cause discomfort to the entire body, including the knees and ankles/feet (Fig. 2) .
In our study, the odds ratios of female dentists reporting MSDs were >1 for all nine parts of the body, and ranged from 1.14 to 2.90 ( Table 5 ). Prevalence rates among female dentists were statistically significantly higher than those among male dentists for the shoulders and ankles/feet (Fig. 2 ). This corresponds with the reports from earlier studies conducted in Thailand 19 and New South Wales. 20 In a Saudi Arabian study, 5 prevalence rates of pain in the shoulders and feet/ankles were, respectively, 27.3% and 1.3% for female dentists, and only 3.2% and 0% for male dentists. Musculoskeletal pain is also a major health complaint in the healthcare sector. A study suggested assessing musculoskeletal complaints among female Figure 3 The prevalence of pain at the neck among Taiwanese dentists, with various days worked per week (p Z 0.040).
hospital staff with separate items for neck/shoulders, lower back, and extremities, including the ankles/feet. 21 For wrist/hand disorders, Taiwanese dentists without pain had worked for 13.4 AE 8.7 years, compared to 11.1 AE 8.0 years for those with pain (p Z 0.059). Results showed that dentists without MSDs were somewhat older or more experienced than those with the disorders, which is similar to the results from recent studies conducted in Saudi Arabia 5 and Thailand. 19 When dentists have worked for a longer time, experienced ones are probably more capable of adjusting their working positions and techniques in order to avoid musculoskeletal problems compared to less experienced ones, or they have simply developed copious strategies to help them deal with pain. 1 Another likely explanation is simply that dentists with severe musculoskeletal problems have quit the profession, which is called the healthy-worker effect. However, confirming these hypotheses would require further investigation.
From the analysis of time-related factors, the critical length of time for developing MSDs might be 10 minutes (Fig. 2 ). Since dental treatments are usually longer than 10 minutes, it is not practical for most dentists to complete treatments in 10 minutes. One study suggested a 10-minute break during the treatment. 20 However, it usually occurs after the treatment is completed, and the treatment has already lasted for more than 10 minutes. In the future, some effective and practical modifications should be developed and evidence-based evaluations carried out to reduce the prevalence of MSDs among dentists.
